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CETECOM

Annex D to Test report no.: 1-5842/13-01-10-A

2 Calibration report “Probe ET3DV6”

i AR
Calibration Lahoratory of A Schwalzarischer Kalibricrdionat
Schmid & Pﬂﬂ:ﬂ' e o Sarvice sulsae d*elabuninagu
Engineering AG S Y servizio sylzzero di taratura
ZIsughausstragss 43, 8004 Zurich, Swhzarland ﬁ(“:ﬁ:'\f Swriss Callbratlon Service

Accredied Oy the Swms Accraditation Rerdce (SAS)
The Swiss Accreditation Servico ie one of the signatories to the CA
Multitateral Agreemont for the recognition of cafibialivn cortilcates

CHont Catecom

Ascreditation No.; SCS 108

Cerlificate No: ET3-1558_Aug13

[CALIBRATION CERTIFICATE |
|

Ottt ET3DVE SN:1558

Caloraton procedureis)

O, CAL-UT 8, QA CAL-23.:058, QA CAL-25.46
Calibration procedure for dosiimelric E-lielkd protes

Colibration date: August 22, 20H3

This calbealion cwtificate documents the rateanilty tn nannnal standams whish realize the phwsical unils of meagursmants {811
Ina mARSIrRMANTS and the nncerdginties with confidence probability are givan an the following pogea and are parl of the cerificats.

Al calibratnns nave hesn condiiclid in the ciosed labacatary facilty; anvirenment tem pamure (22 = 3)°C and humidity < 2%,

Caliboalion Equipnmsi used (MATE critical for catibration)

-

E Primary Stndants 0 Cal Dato {Corifigote Mo.) Scheduled Calbration
Powor moter ELL108 G 1290074 Oibetuge=13 (Mo, 21701733} CApe-14 1
Puwe sensu 44124 L T a-Apr-13 {Nn 21701733} Ape-14
Hiforana % dfl Atenustor SN: 85054 {3c) D4 Apr-13 (No. 217-01737) Apr-14
Refercnce 20 dB Atlermisto: SN: 35277 (20x) Obergr- 13 (M. 217-01735) ADE-14
Relevenne 30 B Allermaio Sh: 55123 (308) Ba-Anr-1:3 (Nn 31 7-0175R) Apr-14
Heferenes Hrana ESIane EN: 3013 28 D 12 {Ha F_S:i J013_Dect2) Dee-13
] DMEA SM: GO0 2i-Jarr13 (Mo, DAE4-860 Jan13) Jan-14
Harnneaiy Standards In Check Date (n house) | Beheduled Check il
RF generater HM 85480 USa42u01 700 | A&-Pwig-88 (n house check Apr-13) | In nouse cheak: Apr-14
Merwork Analyrer HP B7S3E LISATHR0ARS | 18-Dct-D1 (in houee chack Oc-13} In houes chock: Oel 13
M Funetor Eﬂ;\nlurn
Calibsratad by SJeton Kostrat Labior, T : — ¢
by atory &dﬂmnf \{; __{:’_'
=
" £ - o i -
Approved by: Kaoljn Pakaviz Technical Manages ie;:é.--;é;;_/_
Issued; AUDUST 22 2013
This walibralion ceriticans Snail not b6 rapraduced extent in ull wEhoul weiltan appooval of the taboratory.

Cartificate Ne: CT3-1550_Augid Page 1ol 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOM

. = OIS
Callbr_atlon Labnratory of _5{‘:\:_/\::/_1.;;”1.} g  Schweizerischar Kalibrierdiens(
Schmid & Partner iE' "“—-—-—-—r"ia-,"_ C Service sulssg ¢'dtalonnage
Engineering AG b N Servizlg syizzero ditaratura
Zeughaussirassa 43, 8004 Zurich, Switreriand ":f.,_,ﬁ‘\f Swiss Calibration Sarvicn
#ccredited by the Swiss Accesditation Service [SAS) Beeradilation No.: SCS 108

The Swiss Accreditation Sarvice Is one of I signatories 1o the EA
Multilateral Agraement for the recognition of calibration cerdificates

Glossary;

TaL lissue simulating liguid

NORM:y.z sensitivity in free space

CanvF sensitivity in TSL/ NORMx,y,z

pceP diode compression point

CF crest factar {Tiduly_cyele) of the RF signal

AB.C.D medulation dependent linearization parameters

Folarization ¢ @ rotation around probe axis

Polarizalion $ # rotation arsund an axis that is in the plane noimal to probe axis fat measurement centar),

i.e, & =0is normal to proke axis

Calibration is Performed According to the Fellowing Standards:

a) 1ERE 3td 1528-2003, "|EEE Recommended Practice for Datermining the Peak Spatial-Averaged Specific
Absarption Rate {SAR) in the Murnan Head from Wireless Communicalions Devices: Measurament
Techniques™, December 2003

by |EC 62209-1. "Procedure to measure the Specific Absarption Rate (SAR) for hard-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)*, February 2005

Methods Applied and Interpretation of Parameters:

s MNORMrxy z Assessed for E-fie'd polarization 3 =1 (F = 900 MHz in TEM-cell; f = 1800 MHz: R22 wavaguide),
MOURMz.y,z are only intermedfate values, .., the uncertainties of NORM:.y,z does not affact the E-field
uncertainty inside TSL {see below ComeF),

»  NORMfy.z = NORMx y,z " frequency. response (see Frequency Response Chart). This linearizaban is
implemented in DASY4 software versions later than 4,2, The uncertainty of the frequency response is ingluded
in the stated uncertainty of Comer.

s DCPx .z DCP are numerncal linearizalion parameters assessed based on the data of power sweep with G
signal {no uncenainty required), DCF does not depend on frequency nor media.

*+  PAR:PAR is the Peak to Average Ratio that is not calibrated but detenmined based on the signal
characterisiics

+ Awpr By e Cayz Deyz VRxy A B C 0 are numenical linearization paramelers assessed based on
the dafa of power sweep for specific modulation signal, The parameters do not depend an frequency nar
media. VR iz the maximurm calibration range expressed in RMS voltage across the diode.

= ConuF and Boundary Effact Paramelers: Assessed in flat phantom using E-fiald {ar Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measuraments for f > 800 MHz, The same setups are used for assessment of the parametars applied for
toundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy ¢lose to the boundary. The sensitivity in TSL corraspands
1o NORMy v ¢ * Comvi wherehy the uncartainty comesponds to that given for ComvF, A frequency dependent
ComvF is used in DASY varsion 4.4 and higher which allows extending the validity from £ 50 bHz to + 100
mHz,

+  Sphenval isclropy (3D deviation front isofropy): in a field of low gradients realized wsing a flat phanton
exposed hy a patch antenna,

» Senscr Offsel: The sensor offsel corresponds to the offset of vitual measurement cenler fram the prabe fip
{on probe azis). Ng tolgranse required.

Cerificate Mo ET3-13558_Aug13 Fage 2 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

ET3DVE — SN 1556 August 22, 2013

Probe ET3DV6

SN:1558

Manufactured:  September 16, 2003
Calibrated: Algust 22, 2013

Calibrated for DASY/EASY Systems

[Male: non-compatible with DASY? systemt)

Cedificate No: ET3-1558_Aug13 Page 3 aof 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOM

ETI0OVE- SN:1558 Augush 22, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (=2}
Neem (A 199 1.95 168 +10.1 %
DCP [mV}" 96 .4 95,2 55,1
Modulation Calibration Parameters
(]} ] Communication Systern Namg I A l B8 I o VR Une®
: dB  : dBvuv dB my {k=2}
B Y X 04 0.0 1 0000 | 1827 | 7% |
i v [ 00 0.0 1.0 1528
| z | on oa 14 ; 1355

The reported uncertainty of measurement is stated a3 the standard uncertainly of measurement
multiphed by the coverage factor k=2, witich for a normal distribution comesponds to a coverage
probability of approximately 5%,

* The uncertainties of MormX,Y.Z do nol akfecl the Efield uncenainly inside TSL (see Fages 5 and &),

" Numerical linearizanon parameler: uMerainky no required

" Ungertanly is delermined using the max. dewation from Inear response apply/ing rectaagular Jislribulion and is expressed for Ihe squaee of e
figkd walue:

Cenificate Ma: ET3-1558_aug13 Page & of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOM

ET3IDVE- SN:1558 Auguet 22,2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conduttivity : Depth Jnct.
| F[MHz)© Peremitivily " {Stmy © CanvF X | ConvF Y | ConvFZ | Alpha tmm) {k=2)
750 41.9 0.89 .15 #.15 E.15 G.33 2.51 +12.0%
835 4i.5 .90 5.89 o.B9 5.88 0.28 2.88 . =12.0% |
900 41.5 0.97 5.74 5.74 5.74 nag ' 2.4 £12.0%
1480 40.5 120 5.16 5.16 5.16 062 2.24 +412.0%
1750 401 1.37 A.93 4.93 4.93 071 218 +120°%
1900) 40.0 1.40 4.75 4.75 475 0.80 2.03 +120 %
2450 28,2 1.80 4.18 4.18 4.18 0.80 177 +120%

® Fraquency valdity of + 100 MHz anly aoplies for DASY va 4 ang higher {see Page 2). else it iz resiricled to 2 59 MHz. The uncerairy is he RSS
of the CosvF wncerdnty 31 cali bration frequency and the urcertainty for the indicated fiquency band.

" At requengies below 3 GHz, Iha valigy of frssiza parameters (£ and a) can be relaked 19 2 1G5 it figuid compensahan formula i applied o
maasured 2AR values. At frequencies above 3 GHz, the vatidiy of lissue parameters f ang ob & msincied ko + 5%, The uncetarly s e RS S of
the ComvF uncenanly foe ind cated fage Issus parameters.

Cerlificale No: ET3-F558_Aug13 Page Sof 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOM

ET30VE- SM:1558 Augusi 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Calibration Parameter Determined in Body Tissue Simufating Media

| e | Pc?rlr?l[i?ltii:’i{': . | Conduciivity | ! Depth Unel.
! mtlivity {Sirn) ConvF X | ConvF ¥ | ComyFZ | Alpha fmmy | (k=3}
750 55.5 .96 573 | 573 673 | 023 | 300 | s120%
835 552 | o7 5.64 5,64 564 | 03¢ | 300 | s120%
500 55.0 1.05 5.59 5.5 650 |, 048 | 213 ! c120%
1450 §4.0 1.30 4.84 4.54 454 | ora | 197 | 2120%
1750 534 149 441 a4 .41 074 | 264 | £120%
| 1900 53.3 1.52 421 421 421 | 080 | 228 | w120
| 2480 | s 195 381 3.81 381 | 063 | 170 | +12.0%

£ Frequancy validity of + 100 MHz only apglies for DASY vd,& and higher (22 Page 2}, e156 iLis restrizted o + 90 Mrle. The uncerairdy s the RSS
ot e ConyF uncentainty al calibration kequency and the uncenainy for the indicated Meguancy band,

" Al zequencies below 3 GHE, Lhe validity of tssua parameters [ and o] can be refased to 2 10% o liquid compensation farmula is applesd o
meaguled SAR values. At frequencies above 3 Gz, tho validity of tsgus pacameters (- and o is resticled 10 + 5%, The uniertanly isthe RSS of
the ConvF wneedainty for indicaded Larget LSS0 parametars.

Cenificate Mo ET3-1858_Aug13 Page 8 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

ET30WE- SN:1558 August 22, 2012

Frequency Response of E-Field
{TEM-Cell:ifit10 EXX, Waveguide: R22)

Fraguency response [normalized)

& 75

Uncertainty of Frequency Respanse of E-field: 2 6.3% (k=2)

Cenificalo Mo ET3-15658_Aug13 Fage 7 of 11

Page 9 of 54




Annex D to Test report no.: 1-5842/13-01-10-A mfgo_M

ET3DV6- SN:1558 August 22, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
o W
4% 17 L=
1 = 1 2 a
nd 0E 04 b2, ué o007 B
L]
A EAE]
776 0 )
& (] - o ] .
Teat b ¥ z Tot # [ F4
L ] . ] 7 '
[ 1, — AR | ST RTRITI. T i
g i :
5 00f-+—t—t-0—t-o—p-g an-ue d—"e-—#"!‘—d-—n—o-_a...g_t_q-.: . 4—4"6-‘—?5*1-4—&-&-4—1: =
i . : ; '
55 ik e
L 1 I P 1 = ] e T | | [ - 1
1540 '-I‘rlll ‘JU f ‘]I(. L] 150
Rell [7]
) =] | 3
1 00 Kl ANA =7 1900 FH2 2500 Wiz

Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)

Certificate Nu. ET3-1558_Aug13 Page 8ol 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMW

ETIDVE— SM:1558 August 22, 2013

Dynamic Range f{SARcqq)
(TEM cell , f = 300 MHz)

[
=
=
o 0=
g
=
)
=
(=3
=
103
107
! 0 1t 10 1o 108
- SAR [mWicma3)
2 (o]
nat compansaled compensated

[

B

5

]

=4 : ;
i0-2 102 101 G0 0k 102
FAR [mWrem3l .
=] Le|
nat compensated GO pensated
Unecertainty of Linearity Assesament: + 0.6% (k=2
Certificate ko: ET3-1558_Aug13 Page 9of 19
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™
Annex D to Test report no.: 1-5842/13-01-10-A ‘E’EQM

FTADVE- SN-1558 August 22, 2013

Conversion Factor Assessment

=800 MHz WGLS R3 (H_convF)

1= 1750 MHz WGLS R22 (H_convF)

aiy

207
1 @2 .
EJ: § [}
g \
o 2 ; 1%
@ a

L 1] 1| g i o
Deviation from Isotropy in Liquid
Error (i, 9), =900 MHz

-4 08 08 -04 -2 00 02 04 06 U8 1.0
Uneertainty of Spherical Isetropy Assessment: * 2.6% (k=2)

Certificate No: ET3-1558_ Aug13 Fage 10 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOM

ET30WE— SM1558 August 23, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:-1558

Other Probe Parameters

| Sensor Arrangement ! Trianguiar 1

" Caonnector Angle (%) | T T
“Wechanical Surface Delection Mode enabled
Cptical Suriace Detection Mode ' enabled |
Probe Overal Length ' ' B 337 mm

| Probe Body Diameter ’ ' - ' ' 16 mm

[ Tip Length - — ' ' ’ Wmm
Tip Diameter 5.8 mm
Probe Tip fo Sengar X Calibration Point 2.7 mm

' Prabe Tip to Sensor Y Calibration Paint 27mm :
Probe Tip to Sensor 2 Calibration Point 2.5 mm
Recommended Measurement Distance from Surface 4 rmm

Cerificate No: ET3-1538_Aug13 Page 11 af 11
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™
Annex D to Test report no.: 1-5842/13-01-10-A CE,E M

3 Calibration report “Probe EX3DV4”

gallhr_atlnn Laboratory of .ﬁ’f@:‘a Schwaoizerisoher Kalibrierdicnat
chmid & Partner i 2 Service suisse détalonnage
Engineering AG T Saorvizlo svizzaro di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’f/";-:ﬁ“ & Swise Callbration Sorvice
BT A

Accrodited by the Swies Accreditation Sordce (SAS) Ascreditation No.: SCS 108
The Swiss Accreditailon Service Is one of the signatories 1o the EA
Multilateral Agreoment for the recognition of calibration certificates

cient  Cetecom Gartificate No: EX3-3044 Augi3
, _ RTIFICATE
Onject EX30V4 - SN:3944
Caldration procsduesis) mﬂﬁbﬂ".'} ﬂACﬂLr-M. QA QAL—23 f QA. CA!.—EE.M
Calibration prucedure for dosimelric E-field probes

Calibration data August 2, 2013

Thiz calibration canificate documents the traceability to national standards, whivh realize e physical wils of mzssuremaents (51,

I ne measurements and tha unceriainties with confidence probabiily ara gven on the following pages and ane part of the certificate.
All calibrations have been conduciod in the clased latoratory taciity: enviranment temperature (22 £ 3)°C and humidity < 70%,
Caolibration Equipment used (MATL csdtical for calibration)

Primary Standards D [ cal Data (Cartifeste No ) Srchaduled Calibration
Mpwer mster C44150 GO41252074 04-Api-13 (Mo, Z217-01733) Apr-14

Power sensor E44124 MY4 1498087 04-Apr-13 (Mo 217-01733) Ape-14

Referenca 3 d8 Attenuator SM: 85054 {3e) 04 Apr 13 {No. 217.01737) Apr-14
_Reference 20 gB Atiensator SN Shidd § (@0x) U4:Apr-13 (NO. 217-01735) Apr-14

Referenca 30 dB Attenuator EN: 55129 {30k} M-Apr-13 (Mo M1 T-01738) Apr-14

Referencs Probe ESI0V2 SH: 3013 28-Doc-12 {No. E33-3013_Deu12) Deu-13

DAEA SN; 660 31-Jan-13 (No. DAE4-680_Jan13) Jan-14

Sevordary Slamkads io Check Date (in nouse) Schegulod Creck

RF generstor HP BE48C US36420101700 4-Aug-09 {in house chack Apr-13) In house check: Apr-15
MNetwork Analyzer HP B7S3E | US37300685 18 Cul 01 {in house chock Oct-12) In houae check: Cat-13

Maine Function _
Calitwated by: Katja Prkovie: Technical Manager
Apparerasd by Misls Kuster Quality Managar
Tssued: August 2, 2013

| nis caibraton canificate shafl nat be reproduced except in full without written approval of the laboraiory,

Certificate No: EX3-3344_Aug13 Page 1 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

Calibration Labieratory of
Schmid & Partner

Engingering AG
Zeughausstrasse 43, 3004 Zurich, Swizadand

Schweizerischar Kalibrierdiznst
Bervice suissa d'ctalonnage
Srrvizio swizzaro di laratura
Swiss Colibration Service

Agcredited by Lhe Swiss Accragitation Sorvice (SAS) Acereditation Ho.: SCS 108
The Swiss Accreditallon Service is ane af the slgnaterias to tha EA
Multitaleral Agresmeni for the recogrition of calibralion certificales

Glassary:

TSL tissue simulating liquid

NORMz.yz sensitivity in free space

ConvF sensitivity in TSL f NORMx v.2

QCcp dinde comprassion point

CF crest factor [i/duty_cycle) of the RF signal

A B, G D modulglion dependant linearization parameters

Faolarization g o rgtation around probe axis

Polarizalion 8 9 rotation around an axis that is in the plane normal Lo probe axis (at measurement center’,

i.e., 8 =0is normal to probe axis

Calibration is Performed According te the Following Standards:

a} tEEE Std 15282003, "IEEE Recommended Practice for Delermining ihe Pesk Spatial-Averaged Specific
Absorption Rale {SAR) in the Human Head frorm Wireless Communications Deviees: Meascrament
Technigques”, December 2003

B IEC 622091, “Procedurs 1o measure the Spedific Absorption Rale (SAR) for hand-held devices used in close
provdmity 1o the ear {frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
»  NORNY, y,2: Assessed for E-field polarization 3 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
HORMx,y 7 are only ntermadiate valuas, i.e., the uncertainties of HORMz, v,z does not affect the E2-fisld
uncertainty inside TSL {(see below Comvr).

+  NORMfcy z = NORMxy,z ™ fraquency_response {see Fraquency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the requency respense is inctuded
in the stated uncertainty of CearmaE.

= OCPxy,z DOP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncenainty requirad). OCP does not depend on frequency nor media.

*  PARIPAR s the Peak to Average Ratio that is not calibrated bul determined based on the signal
charagieristics

» Awyz Brwr Caye Oxyz VRxyz: A B, C O are numerical linearization parameters asseszged based on
{he dfata of power sweep far specific modulztion sigral. The parameters do net depend on frequency nar
media. VA is the maximum calibration range expressed in RMS voltage across the diode.

*  ConvF and Boundary Effect Paramelers: Assessed in fiat phantom using E-tield {or Temmperature Transker
Standard for f < BI0 MHz) and insida waveguide using analylical field distribulions basad on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameaters applied for
boundary compensation {alpha. depih} of which typical uncertainty values are given. These parameters arg
used in DAZYA software to imprave probe accuracy close to the baundary. The sensilivity in TSL norresponds
to MOFRM: v,z * Comv whereby the uncerlainty corresponds to that given for ConvF, A frequency dependent
ConeF is used in DASY version 4.4 and higher which allows extending the validity from & 50 MHz2 to + 400
MHz,

»  Iphecal isotropy {30 devigtion from isotropy): in a field of low gradients reatized using a llat phantem
exposad by a patch antenra.

r  Sengsor Offset The sensor offset corresponds to 1he offset of virual measwrement center fram the prabe tip
{on prabe axis). Mo tolerance required,

Cortificate Mo, EX3-3044_Aug13 Panga 2 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

EX30V4 « SN:304q Augus1 2, 2013

Probe EX3DV4

SN:3944

Manufactured:  May 2, 2013
Calibrated: August 2, 2013

Calibrated for DASY/EASY Systems

[Male: non-compatible with DASY2 system!)

Certificala Not EX3-3844_sug13 Page Jaf 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOM

EX3DVa— 5N;3944 August 2, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Basic Calibration Parameters

Sensor X Sensor Y Sentor Z Unc [k=2)
Narm {pvivim) 0.56 0.63 0.43 +10.1 %
OGP v 995 98.2 953
Modulaticn Calibration Parameters
[T Comntunicatian System Name A B ¢ | D VR UncE |
| dg dB vy dB my | {k=2)
o o X | oo | a0 10 | won [ 1323 | 2w
¥ 0.0 0.0 10 ' 1347
z o] 0.0 1.0 154.8

The reparted uncerainty of measuremenl is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncertainties of NomX,¥.2 do nal aitect the EX-field uncesiainty inside TSL (zee Pages 5 and 6).
" Numerical fingavization pacem eter. uncenainty nat requirad,

E Unceriairdy is determines B 0 . davigtion T lincar resconse applying eelangular distribution and s expressed for the square of he
4ol value,

Cerfiicale Mo: EX3-5%4_Aug13 Page 4 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

EXADNA— EN:3944 Aurgust 2, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Head Tissue Simulating Media

[ Relative Conductivity ' Depth | Uncl,

| FIMHZ)S | Permitiivity " (8imn) © ConvFX | ConwEY | ComvFZ | Alpha | (mmy | (k=2}
2600 39.0 1.86 743 7.43 743 0.52 .71 +12.0%
3500 379 291 7.35 7.35 7.35 1.00 b4 | #1371 %
5200 36.0 4.65 537 537 5.37 0.30 180 | £131%
5300 35.0 4.78 522 5.22 5.22 0.28 180 | 131 %
5500 35.6 4.6 5.00 5.00 5.00 031 180 | £131%
56500 355 547 .88 4.88 488 | 0.2 180 | +131%
5800 353 547 4.75 475 75 | 038 1.80 *13.1 %

* Fraquency walidity of £ 100 MHz only applies for DASY v4.4 and higher (see Fage 2), alse i1 is resiicted 10 = 50 MHz. The uncctairty is the RSS
of tha ConvF uncenainty al calibrateon frequency and e uncertainty foe fre indicated Facuancy band.

F & Itequencies below 3 GHz, the walidisy of fizsue pararedes (¢ and ¢} can be retaved to + 10% if Tiquid compenzation farmula i3 2pphed to
mMeaturad SAR values. A frequardies above 3-GHz. the vabdity of tissua paramelers (i and o) i restricted 10 2 5%, The uncenainty is the RES of
the ConwF uncertainly for ndicated target tissya paramelers,

Cenificate Mo, EX3-3844_Aug13 Page 5 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

EX30Vd- SN:3944 Augus! 2, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibratian Parameter Determined in Body Tissue Simulating Media

Relalive Conductivity Depth Unct.
FiMHZ}® | Permittivity " {Sm)" ConwEX% | ConvFY | ComvFZ | Alpha | (mm) k=2} |
2600 52.5 2.16 7.av 727 7.27 0.B0 0.50 +12.0%
3500 51.3 3.3 B.94 6.94 B.04 1.00 0.51 £13.1 %
5200 480 | 530 447 4.47 447 | 042 | 180 | *131%
5300 48.9 542 4.30 4.30 4.30 043 1.50 *13.1% .!
5500 186 565 4.04 4.08 4.00 046 1,80 +131%
BE00 48.5 S77 433 433 433 0,32 1.50 +131%
5800 48.2 6.001 4.20 4.20 4,20 046 180 ! #1349

© Frequency validity of = 100 MMz enly applies for DASY v4.4 and higher (see Page 2], elze i i restricted to £ 50 84z The uncerainiy is the R3S
of the CanuF uncenanty at calibralion frequency and the uncedainly for 1he indicated Frequency Band,

" At fraquenciaz bakew 3 GHZ, th validiy o fiszue parameters (e and o can be retased 1a 2 W% if liquid cormnpensanon farwla s applied ta
measured SAR velurs. At fieguencies above 3 GHz, the validily of fissus perameters [r and a) is resicred 19 £ 5% The uneertanly is sha RSS of
the ConvF urkertainly lor indicated targel 1issoe paramelss.

Cerbficate Mo EX3-3944_Aug13 Pagsa B of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

EXarnd- Sh3add August 2, 2013

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency responsa (normalized)

Uncertainty of Fregquency Response of E-field: £ 6.2% (k=2}

Certificate Mo EX3-3844_Aug13 Bage T of 1
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Annex D to Test report no.: 1-5842/13-01-10-A mfgo_M

EX30W4- SN:3044 August 2, 2003

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz,R22
™ s pe wwtua =g r e i TR T e T
. .l-
- A . - . ] . .
Tet X L Z Tul . b i £

08 i ,
= TE e : : rr . ' :
:E_ a8 "'--'1'!" . Maq _3-__—11:- &-a—bdet—a ---1---1:-*;-—* - e == ..=‘:-:.;. » -
il ! § | y
() Gmfemmeneenes = I
B i i i
2 S S N | RN T | L3t b I R
150 100 &80 l tlt 100 ‘Ji.'
Roll [1]

- & | &
120 Mz B0 MHE 1887 ;d%: 2500 WHx

Uncartainty of Axial lsntropy Assessment: + 0.5% (k=2)

Certificate No: EX3-3944_Aug13 Fage d of 11
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMW

EX3DVA— SN:3944 August 2, 2013

Dynamic Range f(SAR}..4)
{TEM cell , £ = 900 MHz}

Input Sigital {uy]

- = — i 1 =
10 102 100 io? 1o 102

) SAR [minfem3)
o] o)
not compenaated compensated

fis)
=
3
g
w
-2 0 - : - T - T .
10 102 101 100 10t 10
SAR [mWiorm3)
] ICH]
il Som pansated £arnpansated
Uncertainty of Linearity Assessment: * (.65, (k=2}
Certificate Mo: EX3-3944_A0413 Page 9 of 11
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™
Annex D to Test report no.: 1-5842/13-01-10-A CEEQM

EX3DV4_ SN:3044

August 2, 2013
Conversion Factor Assessment
f= 2600 MHz, WGLS R22 (H_convt) = 2600 MHz WGLS R22 (M_comvF)
i" \ -l -
,![ ; b <
L | . 1L L= .
I; [} L) is ) L.:::}"] al:'. fll B :I: "la Ilu -:; {*] |-:\“_ ;n-..-nn'l Frl ‘H_ l-) 7 ar
L A asifE resaied

Deviation from Isotropy in Liquid
Error (¢, 9), f= 900 MHz

-0 -08 -06 <04 <02 00 02 04 06 OB 1.0
Uncertainty of Spherical lsotropy Asscssment:  2.6% (k=2)

Ceriificale No: EX3-3944_Aug13 Page 10 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A

CETECOM"
———

Ex300a- SM:3944

Alrqust 2, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Other Probe Parameters

Sensor Arrangerment Triangular
Connector Angle (7 -2.3
Mechanical Surface Deleclion Mode enabled
Ciplical Surface Deleclion Made disabled
| Frobe Gverall Lenrgth 337 mm
Prebe Enﬁameter 10 mm .
Tip Length a'min |
: Tip DHameter 2.5mm
Probe Tip to Sensar X Calibralion Point 1 mm
Probe Tip o Sensor ¥ Calibration Point 1 mim
Probe Tip o Sensor 2 Calibeation Point 1 mm
Recommended Measurement Distance from Surface 4 mm

Certificate No: EX3-3944_sugis Page 11 of 11
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Annex D to Test report no.: 1-5842/13-01-10-A

CETECOM"

4  Calibration report “2450 MHz System validation dipole”

S,
Srrn

Calibration Laboratory of

Schmid & Parinar
Engineering AG ES X
g g Bl

Zeughausstrasse 43, 8004 Zurich, Switzerland ’f,',.', Jﬁ;\:ﬂ‘
L TRV

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Serviric avizzcro di taraturn
Swizs Calibration Servics

Accreditation No.: SCS 108

Aecraditad by tha Swass Accmdiation Sanicae (SAS)
The Swiss Accreditation Service is one of the signatories to the CA
Multilateral Agreement for the recognition of calibration certiticates

Cetecom

|CALIBRATION CERTIFICATE

Client Certificate No: D2450V2-T10_Augi2

[ihjent D2450W2 - SN 710

QA CAL-05.v8
Calibration procedure for dipole validation kite above 700 MHz

Calibration procedure(s)

Calipration date: August 13, 2012

Calibration Equipment wacd (METE criticaf for calibrotion )

Ihis calitianion cerificate documents (e raceabllity 10 natlonal slandards, which realize the physical unlis of measuemenls (51).
Tha measursments and the uncerainties with confidence probabiity are given on the following pages and are part of the cerificate.

All calibranions have Dean conductad m tha ciosad |aDoratony Tacisny: envIronment Iemperature (22 £ 5170 and dumiding < 70%.

Primary Standards 1D i Cal Date (Certificale Mo ) Schoduled Calibration
Mowear matar ECM 4428 CBE7480704 05 Oet 11 (Mo, 217 01451) Ol 12

Fower sensor HE g4a81a LS 2 rdd US0c1-17 [No. 21/-U14a1) o2

Referance 20 dB Atlanualor Sh: 5068 {20k) 27-Mar-12 (Mo. 217-01530} Apr-13

Type-M mismateh combination Sh: 50472 § 08327 27-Mar-12 (Mo, 217-01533) April

Acleicnce Frobe ES30V3 S, 3203 30-Dsc-11 (Mo, ES3-3205_Decii) Dec-12

DAE4 SH 01 27-Jun-12 {MNo. DAE4-601_Jun12) Jun-13

Secondany Standards 1D 7 Chaock Dato (in houza) Scheduled Check ]
Power sensor HF tas1 A WY ST U0 ¢ Te-00-U (0 Nouse check Qo11}) In house check: Oct-13
RF genarator R&S SMT-08 100008 04-Aug-29 {in house check Oct-11) I house check: Oot-13
Metwork Analyzer HP B753E LIS37300585 54206 18-0ct-01 {in house check Oiet-11) Im b 12e chiacks Oek-12

Mama Fimrtfinn _{iiunnium
Calibiated by, lsrae El-Maowg Labwatory Techniclan (
| e ey
Approved by: Katja Fokovic Technical Manager "‘J",

This calibration cerificate shall not be reproduced except in full without written approval of the laboralony.

A

Izgued: Avgust 13, 2012

Certificate No: D2450V2-710 Augl2

Page 1oi8

Page 25 of 54



Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM
w

Calfbration Laboratary of
Schmid & Fartner
Engingering AG

2ewghousstrasse 43, B004 Zurich, Switzerland

5 Schwefzerischer Kalitrierdiehst
Service suisse d'$talonnage
Servizip cvizzera di teralura

S swiss Calibration Service

Accredited by the Swiss Accreditation Sarvica {SAS) acereditation Me.: SCS 108
The Swiss Acercditation Service is one ol the signalones Lo the EA
Multilateral Agreemeant for the recagnitian of salibralivn cedificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NOAM x,v,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR]) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, December 2003

b} |IEC 62208-1, "Procedure to measure the Specific Absorption Rate {SAR!} for hand-held
devices used in ¢lose proximity to the ear {frequency range of 300 MHz to 3 GHz)",
Febrruary 2005

¢} Federal Communications Commizsion Office of Engineering & Technology (FCC OET]),
*Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fialds, Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Badiofreguency Emissions”,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
d}y DASY4S System Handbook

Methods Applied and Interpretation of Parameters:

»  Measwrement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna FParamelers with T5L: The dipole is mounted with the spacer to position its feed
point exactiy below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

+  Foed Point fmpedance and Return Loss: These parameters are measured with the dipole
positionad under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connectar to the feed point. The Return Loss ensuras iow
reflected power. No uncertainty required.

« Electrical Defay: One-way delay between the SMA connectar and the antenna feed point,
Mo uncertainty required.

+  S5AR measured: SAR measured at the stated antenna input power.

*  SAR normafized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

» 3AR for nominal TSL parameters: The measured TSL parameters are used to caloulate the
neminal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for & normal distribution corresponds to a coverage
prabability of approximately 95%.

Cedificata Na: D2460VI-710_Augi2 Fage 2ol &
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Annex D to Test report no.: 1-5842/13-01-10-A

CETECOM"
s

Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Versicn DASYS VE2 8.2
Extrapolailion Advanced Exlrapolalicn

Phantom todular Flat Phaniom

Distance Dipale Center - TSL 14 mem with Spacar

Zoom Zcan Aesclution dx, dy, dz =5 mm

Fraguency 2450 MHz + 1 MHz

Head TSL parameters
The following parameaters and calgulations were applisd,

Temperature Permittivity Conductivity

Homingl Head TEL parameters 22.0°C 392 1,80 mhofim
Measured Head TSL parameters (Rad 0.2 "0 392+6% 1.81 mhofm = 6%
Head TSL temperature change during test <05 ---- ----

SAR result with Head TSL
SAR averaged over 1 ¢cm’ {1 g) of Head TSL Condilicn
SAR measured 250 rmWW inpul power 129 mi /g
SAR for nominal Head TSL parameiess normalized o 1W 51.5 mW fg = 17.0 % (k=2)
SAR averaged over 10 en® (10 o) of Head TSL condition
BAR measured 250 mW input power B0 My A g

SAR for nomingl Head TSL parameters normalized to 1W

24.0 m\W Jg £ 16.5 % (k=2}

Body TSL parameters

The fellowing pararmeters and calculaticns wera applied.

Temparature Permittivity Conductivity
Naominzl Body TSL parameters 220C 52.7 1.85 mho/m
Meazured Body TSL parameters (220+02)"C 51.3+6% 1.98 mhw/m = 6 %
Bady TSL temperature change during test =05
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g)of Body TSL Conditicn
SAR measured 250 mvy inpul power 13.0mW /g

SAR for neminal Body TEL parametars

normalized 10 1W

1.2 mW /g £ 17.0 % (k=2)

SAR averaged aver 10 sm’ {10 g) of Body TSL

conditicn

SAR measurad

260 mwY input power

503mn /g

SAR for nominal Body TEL parameters

navmalizad to 1W

23,9 mW { g + 16.5 % {k=2}

Canificata No: D2450v2.710_Augl1z2

Page 3ot &
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Annex D to Test report no

: 1-5842/13-01-10-A CE [ _ECOM )
L

Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed paint

5240 4+050

Return Loss -323dE
Amtenna Parameters with Body TSL
Impedance, transformed te feed point 496 L+ 2.7
Return Loss -31.4 diB
General Antenna Parameters and Design
I Electnical Delay (ene direclion) 1.156 ns

After long term use with 100W radiated power, anly a slight warming of the dipole near the leedpoinl can be measured.

The dipole is made of slandard serningid coaxizl cable, The center conductor of the fzeding line is directly connectad to the
second arm of the dipale, The antenna is therefore shoert-cireuiled for DC-gignals. On some of the dipoles, small end caps
are gdded to the dipole arms in cider to improve matching when [oaded accarding to the posilian as explaned in the
"Measurement Condilicns” paragraph. The SAR data are not affected by this change. The overall dipole tength is still

according to the Standard,

Mg gacessive force must be applied 1o the dipole anms, because they might bend of the soldered conneclions near lne

feedpaint may be damaged,

Additional EUT Data

Manutactured by

SFEAG

Manufactured on

July 05, 2002

Cerificate Mo D2450V2-710_Augi2

FPage 4 of B
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM
W

Antenna Parameters with Head TSL

From cal. data Measured 2013-08-13

Impedance; trsgiiormed to feed 524 O +05jQ |511 0 +40 jQ

Return Loss -32.3 dB -28.1 dB

Antenna Parameters with Body TSL

From cal. data Measured 2013-08-13

Impedance; trsgﬁ‘tormed to feed 496 O +27iQ |537Q +4.4 0
Return Loss -31.4 dB -24.2 dB

Page 29 of 54



Annex D to Test report no.: 1-5842/13-01-10-A CE’E M

DASYS Validation Report for Head TSL

Date: 13.08.2012
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 710

Communication Systcm: CW; Frequency: 2450 MIlz
Medium parameters used: f = 2450 Mllz; o = 1.§1 mho/m; & = 39.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)
DASYS2 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.43); Calibrated: 30.12.2011;
¢ Sensor-Surface: 3mm (Mechanieal Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 27.06.2012
o Phantoin: Flat Phantomn 5.0 (frong); Type: QDOUOPS0AA; Scrial: 1001

¢ DASYSZ 52.8.2(9069); SEMCAT X 14.6.6(6824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=5mm, dz=3mm

Reflerence Value =99 363 V/im; Power Drilt = 0.01 dB

Peak SAR (extrapolated) =26.515 mWi/ig

SAR(1 g} = 129 mW/p: SAR(10 2) = h01 mW/g

Maximum value of SAR (measured) = 16.6 Wikg

-9.60
14.40

“149.20

-24.0n

0 dB = 16.6 Wikg = 24.40 dB W/ke

Certificate No: D2450V2 710_Augi2 Pogec 5cf &
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Annex D to Test report no.: 1-5842/13-01-10-A

CETECOM"

Impedance Measurement Plot for Head TSL

CHIl 14 10U FE

13 fug 2043

252445 4 QA4ASTO 0 25639 pH

T

A1:3404C
2450000 200 M=z

Del
%
o ' 3 - L
Y/J ==
{ i
\ /
e '
Hld
£H2 S41 LoG S &B/REF -20 48 2:-32.29c 4B 2 150.000 000 MH:
T T
. _— - - “ 9
. - 4 - . - - ——
—_* 4+ . 4 4 + e re—
Ca T 1 T~
} —=
- 1
-\._“‘ | (I
I’ . - . \,q ; - - .- -
vy b
16 b + + + Y - - + +
| =
Hld — —t t 1 1

START 2 250.000 00@ MHz

Certilicate No: D2450V2-710_Aug12

Page & of 8

STOP 2 650.000 000 MMz
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Annex D to Test report no.: 1-5842/13-01-10-A CE’E

ia
?

DASYS Validation Report for Body TSL

Date: 13.08.2012
‘T'est Laboratory: SPEAC, Zurich, Switzerland
DUT: Dipole 2450 MHz#: Type: DZ450V2; Serial: D2450V2 - SN: 710

Communication System: CW; Frequency: 2450 MHz

Moedium parameters used: = 2430 MHz: ¢ = 1.99 mho/m: €, = 51.3; p = 1000 k,gr'm‘
Phantom section: Flar Scction

Measurement Standard: DASYS (IEEENEC/ANSIT C63.19-2007)

DASY52 Configuration:
»  Probe: ES3DV3 - SN3205; ConvF(4.20, 4.260, 4.26), Calilnated: 30.12.2011,
« Sensor Surlace: 3mm (Mechanical Surface Detection)
« Electromics: DAL Sn601; Calibrated: 27.06.2012
*  Phantom: Flat Phantom 3.0 (back); Type: QDOOOP30AA; Serial: 1002
« DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cubc {:
Measurement gridk dx=5mm, dv=5mm, dz=5mm

Reterence Value =95 331 Vimg Power Dnlt =001 dB

Peak SAR (extrapolated) = 26.640 mW/g

SAR(T g) = 13 mW/g; SAR(10 g) = 6.03 mW/g

Maximum value of SAR (mcasured) = 16.9 Wikg

-14.40

24.00 et ]
0dB = 16.9 W/kg = 24.50 dB Wikg

Cerlificate No: D2450V2 710_Augi2 Page 7 of 8
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Annex D to Test report no.: 1-5842/13-01-10-A CELEQM

Impedance Measurement Plot for Body TSL

13 Aug 2812 11:15:16
EED s14 1 U Fa MAARiT0 ESE3I o ATRLE pH 2 450,000 008 MHz

f
e
157
H1d
CHZ G4  L0G 3 dBSREF —39 JB v F~31,386 B T 450,000 068 HH:
+ - * - ¥
. !
i | - = S
N (. 1N ! / ’_}__-f"'f_—_
I L | ]
,-ﬂ:- -
| 1 b 3 '
v
we | L | D _ .
— 4} i + - b - |
Wid | | - 1) % S | i ! ! :
START 2 250,000 D08 HHZ STOP Z 650,000 888 MHz
Cerliicate No: U2450V2-710_Augl2 Pago 8 of 8
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CETE:

Annex D to Test report no.: 1-5842/13-01-10-A

5 Calibration report “5GHz System check dipole”

Calibration Laboratory of
Schmid & Martner

Engineenng AG
Zeughausstrasse 43, 8004 Zuiich, Switzerland

Schwoizerigeher Kalibrinrdianet
Service suisse d'étalonnags
Servizio avizzero di taraturg
Swiee Calibration Ecrvico

Accreditan by Tha Swiss Accreditation Sedvice (SAS)
The Swiss Acercditation Service is one of the siynalories to the EA
Mullilaleral Agreement for tha recognitinn ot ralibration cerfificates

Accreditation No.: SCS 108

Gllent Cetecom Cartificate No: DSGH2ZV2-1055_Augi13

CALIBRATION CERTIFICATE |

Object D5GHzY2 - SN: 1055 |

Calibration procadure(s) QA CAL-72.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Calibrafion date: August 19, 2013

Thiz calinranon camitinale documents tha traseabilly to national standards, which realize tha physical units of measuraments (S)
Tha moasurements and the uncertaintics with cordficence protability am uiven on the folowing papes and ag pan of tha cemticatn

| All calibrations have besen cunucled in i clused sboratory faciiiy: anvirenment temparatin 22 4 P and humidity - 705,

Calibration Equipment used (MATE wilicad for calibration)

Primary Sandards | Dy Cal Date (Carntlficars Mo, Schedled Calibration
Fower matar EFM-4428 GRATAROTOL Di-Mow-12 (Mo. 217-01540) Oot13
Powar eensor HP BAB1A UEaTa0278a 0-Now-12 (No. 217-01040) Cot-13
Rafarance 20 dB All=mmlor SN; 5058 (20K) CH-Ap-1 (M. 21701 £13H) Apr-14
Type-h mismateh aombipaiion SN: 80473/ 06337 O4-Apr-13 (Mo, 217-01739) Apr-i4
Reference Probe EX3DVA GH: 3500 28-Dee-12 [(No, EX3-3503 Decl2) Dec-13
DAE4 SN: 6T JR-Ape13 (No, DAEL-E01_Aprid) Apr-14
Secondary Slandards LD # Gheck Date (in housa) Sehanian Chack
Fnwer sansor HE HAH14 MY41082317 18-0ct-02 {in house cheok Oot 11) Iev haiusg check: Oct-13
RF genamlor R&E SMT 06 100005 O4-Aug-59 (in house check Co-11) In housa chack: Ock134
Mutwork Analyzar HP B753E US37 300885 S4706E 14Ut (in houge check Oct-12) In house check: Oct-12
Mame Funation Gignature

Calibrated by: staes El-Naoug Laporamey Techmictan ( ! r\?

i T e D
Approvad by Kalja Pokavie Technical Managor i ,-é' L

1 e s
-F""f -

IsSUDE: AUQUST 20, 2014

This calitiralion cerificata shall nat b rapdeduced excepl in full without wrillen approval of tho labaratory,

Cartificate No: DEGHzV2-1055 Auy1a Paga 1of 13
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Annex D to Test report no.: 1-5842/13-01-10-A CETECOMTM

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstrasse 43, 8004 Zurich, Switzerland

s Schwaizerischer Kalibrigrdienst
Service suvisee d'étatonnage

c Servizjp svizzers di taratura

5 Swiss Callbratior Servieg

Accrediled by the Swiss socreditation Secvice (Sa%5) Accredilation Ne.: SC5 108
The Swise Accredilalion Service iz gne of Ihe signateries to the EA
Multilatera| Agregment for the recagrition of calibration certilfcalas

Glassary:

T3L tissue simulating liquid

ConvE sensitivity in TSL / NORM x,y,z
MN/A nat applicable or not measured

Calibration is Performed According o the Following Standards:
a} IEC 62208-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communicaiion Devices in the Frequency Range of 30 MHz to
& GHz: Human modals, Instrumentation, and Procedures™ Part 2: "Pracedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010
b} KDE 885684, "SAR Measurement Reauirements for 100 MHz to & GHZ"

Additionral Documentation:
¢} DASY4/5 Systern Handbook

Methads Applied and Interpretation of Parameters:

»  Measurement Congditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the ceriificate are valid at the frequency indicated.

= Antenna Parameters with TSL: The dipole is mounted with the spacer to positian its feed
paint exactly below the center marking of the flat phantom section, with the arms orianted
parallel to the body axis.

+ Feed Point Impedance and Refurm {.0ss: These paramelers are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

»  Electrical Delay: Ong-way delay between the SMA connactor and ihe antenna feed point.
Ne uncertainty required.

SAR measured. BAR measured at the stated antenna input power,
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

«  SAR for nominal TSL parameters: The measured TSL parameters are used 1o cakulate the
nominal SAR result.

The reported uncertainty of measurament is stated as the standard uncerainty of measurement
rultiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%,

Cerificate No: DSGHzY2-1065_Aug13 Page 2 of 12
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version OASYS V5287
Extrapolation Advancad Extrapolation

Phantom Madular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm wilh Spacer

Zoom Scan Ragolution

dx, dy =4.0mm, dz = 1.4 mm

Graded Ralio = 1.4 {Z direction)

Frequency

5200 bz = 1 MRz
5500 biHz = 1 WMz
SBO0 MHz = 1 MHz

Head TSL parameters at 5206 MHz

The folicwing parameters and caloulations were appliad.

Temperature Permittivity Conductivity
Mominal Head TSL parametars 220G 8.0 4.66 mho/m
Measuraed Head TSL parameters (220202 C 06 % 4.50 mhofm + 6 %
Head TSL temperature change during test < .5 °G
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm” (3 g) of Head TSL Candition
3A4R measured 100 myW input power 8.09 Wikg

SAR for nominal Head TSL parameters

normalized to 1wy

80.4 Wikg « 19.9 % {k=2}

SAR averaged over 10 om” (10 g) of Head TSL

zonditicn

SAR measured

100 MW input power

2,32 Wikg

SAR for norminal Haad TSL parameters

normalized to 1W

23.0 Wikg £ 19.5 % {k=2}

Head TSL parameters at 5500 MHz

The following parameters and calculations were appligd.

Termperature Permittivity Conductivity
Nominal Head TSL parameters 22070 356 4.95 mhalm
ileasured Head TSL paramelers [22.0 =0.2) “C I4E+6% 4,80 mhafm £ 6 %
Head TSL temperature change during lest <05*C
SAR resuli with Head TSI at 5500 MHz
SAR averaged over 1 em® (1 g) of Head TSL Canditiom
SAR measured 100 MYV input power 8.55 Wkg

SAR for nominal Head TSL parameters

narmalized 1o 1W

A4.9 W f kg = 19.9 % (k=2)

SAR averaged over 10 em® {10 g) of Head TSL

condilion

SAR measured

100 VY input power

2.45 Wikg

SAR for nominal Head TSL parameters

normalized te 14

223 Wkg = 19.5 % (k=2)

Cedificate No: DSGHzY2-1055_Aug13
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Head TSL parameters at 5800 MHz
The follewing paramatars and calculations weare applisd.

Temperature Permiltivity Conductivity

Nomingl Head TSL parameters 220 353 5.27 mho/m

Measured Head TSL parametars (2202022 342+ 5% 511 mho'm £ 6%

Head TSL temperature change during test < 050
SAR result with Head TSL at 5800 MHz

SAR averaged over 1om’ (1 g} of Head TSL Conditian

SAR measured 100 mW input power 8.07 Wikg

SAR for rominai Head TSL parameters normglized w 1W 80.1 Wikg £ 19.9 % (k=2)

SAR averaged over 10 cm” (10 g) af Head TSL conditian

SAR measurad 100 A input power 2,29 Wikg

3AR for norminal Head TSL parameters normalized to 19 22.7 Wikg £ 19.5 9% (k=2)
Cenilficate No: DSGHZV2-1058_Aug13 Faga 4 of 132
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Body TSL parameters at 5200 MHz

Tha following parameters and calcufations were applied.

Temperature Permiltivity Conductivity
Nominal Body TSL parameters 22.0°C 490 5.80 mhofm
Measured Body TSL parameters 22009 °C 485+ 6% 547 mhafm = 6 %
Body TSL tempersture change during test <05°C
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 om® {1 g) of Bady TSL Conditian
SAR measurad 106 mW input power A3 Wilg

3AR for nemna! Body TSL paramatars

normalized to 1w

74.2 Wik = 19.9 % (k=2

SAR averaged over 10 em? {10 g) of Body TSL

condition

SAR measurad

100 MW input power

.08 Wikg

SAR for nominal Body TSL parameters

ngrmalized to W

20.8 Wikg £ 19.5 % (k=2)

Body TSL parameters at 5500 MHz

The tollowing paramatars ang caloulalions ware applied.

Temperature Permittivity Conductivity
fominal Body TSL paramelers 220°C 48,8 5.65 rmhofm
Measured Body TSL. parameters (22.0 £40.2) °Q 4B0 £B% 583 mho/m 6%
Body TSL tamperature change during test =05

SAR result with Body TSL at 5500 MHz
SAR averaged ever 1 em® {1 g) of Body TSL Condition
SAR measurad 00 mW input power 780 Wikg

581 for nominal Body TSL paramelers

narmalized 10 TA

TT9 Wikg = 19.9 % {(k=2}

SAR averaged over 10 cin’ (10 g} of Body TSL

canditicn

SAH measured

100 My input power

217 Wiy

SAR {or nominal Body TSL parameters

normalized lo 1w

2.7 Wikyg x 19.5 % (k=2)

Cenificate No: DEGHzY2-1055_Augl3
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Body TSL parameters at 5800 MHz

The fallowing parameters and calculstions were applied.

Temperaturg Permittivity Conductivity

Nominat Body TSL parameters R0 q8.2 6.3 mho'm

Mazsured Body TSL parametars (22002 "C AT x6 % 5.25 mho/m + & %

Body TSL temperature change during tast <05"C
SAR result with Body TSL at 5800 MHz

8AR averaged over 1 em (1 g) of Body TSL Condilicn

SAR measured 100 MWW input power 7.34 Wikg

SAR for nominal Bady TSL paramaterg notialized to 1 ¥2.3 Wikg £ 19.9 % (k=2)

SAR averaged over 10 cm® {10 g} of Body T3L condition

SAR messured 100 m\ input power 203 Wikg

SAR far nominaf Body TSL parameters normalized o 1W 20.2 Wikg £ 19.5 % (k=2}
Cedificate Me: DSGHZV2-1055_Aug13 Page B of 13
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, ransformed to feed paint 50EQ-7.0j0

Return Less -a31de

Antenna Parameters with Head TSL at 5500 MHz

Impadanes, lransformed to teed point S440-380

Ratum Loss -F25.0dB

Anienna Parameters with Head TSL at 5800 MHz

Impedance, translormed to feed point 571R-33[0
Return Loss -224d8

Antenna Parameters with Body TSL at 5200 MHz

Irmpedance, ransformed la fead point ST35-54 00
Relurn Loss -253dB

Antenna Parameters with Body TSL at 5500 MHz

Impadance, transformed to leed point 5524-134G
Return Lozs « 25,5 dB

Antenna Parameters wiih Body TSL at 5800 MHz

Impedance. transtormed to faed paint 59610 -32[0
Raturn Lags - 20,7 B

General Antenna Parameters and Design

LEIemrical Delay (one direction) 1.204 ns

Afer leng term use with 100W radiated power, only a slight warming of {he dipole near the faedpaint can be measured.

The dipole is made of standard semirigid coaxial cable. Tha center conductor of the feeding line is directly connected to tha
second anm of the dipole. The antenna is therefore shart-circuiled for BC-signals. On same ol the dipoles, small end caps
are adied to the dipole arms in arder 1o improwve masching when loaded according (o the position as explained in the
“Measuremeant Conditions” paragraph. The SAR data ase not affecied by this change, The overall dipale length rs still
acearding to the Standard,

o excessive farge must be applied to the dipale arms, becausa they might hend or the sodered conneclions near the
teedpgint may be damaged.

Additional EUT Data

Manutactured by SPEAG
tManufactured on Jure 04, 2006
Certiticale No: DSGHZY2-1055_4ug1 3 Page 7 of 13
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DASYS Validation Report for Haad TSI,

Date: 16.08.2013
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 5GHz; Type: D3GH2V2; Serial: DSGTIEV2 - SN: 1055

Communication System: UID 0~ CW ; Frequency: S200 MHz, Frequency: 5300 MHz, Frequency: 5800
MHz

Medium parameters vsed: = 3200 MHz2, o = 4.5 Sfim; 5 = 35 p= 1000 kgfm" , Mediun parameters used: §
=5300 MHz;, o =4.8 5/m; &, = 34.6; p = [000 kgfm"’ . Mediom parameters nsed: = 5800 MUz =511
St =, = 34.2; p = 1000 kg/m®

FPhantom seetign: Flat Seciion

Measurement Standard: DASYS ([EEE/IEC/ANST C63.19-2007)

DaASY32 Configuration:

o Probe: EX3DV4 - SN3503; CanvF(5.41, 5.41, 5.41); Calibrated; 28.12.2012, ConvF(4.51, 4.91,
4.91); Calibrared: 28.12.2012, ConvFta.81, 4.81, 4 8]y, Calibrzated: 28.12.2012;

= Sensor-Surface: |.4mm (Mechanical Surface Detection)
+  Electronics: DAEd S0801; Calibrated: 23.04.2013
= Phantom: Flat Pharom 5.0 {Tront); Type: QDOOOP30A A; Sedial: 1001

= DASYS2 528771137y SEMCAD X [4.6,10(7164)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurertent grid: dx=4mm, dy=4mm, dz=1 4mm

Refercnee Value = 64 445 Vrm; Power Drift = 0.06 dR

Peak SAR {extrapolated) = 20,5 Wikg

SAR(1 g} = 5.0% Wkg; SATR(10 g) = 2.32 Wikp

dMaximum valus of SAR {measured) = 18.7 Wika

Dipele Calibration for Head Tissuc/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurament grid: ds=4mem, dy=4mm, dz=1.4mn

Reference Value = 64617 Vim: Power Drift =0.05 dB

Peak SAR (extrapolated) = 32.9 Wikg

SAR(1 g) = 8.55 Wikg; SAR(10 g) = 2.45 Wike

Maximmom value of SAR (meusured) = 20.2 Wiks

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=3806 MHz/Zoom Scan,
dist=L.4mm (8x8x7¥Cube 0: Measwement grid: dx=4mm, dy=4mm, dz=1_4mm

Reference Value = 6] 447 V/m; Power Drift = 0.08 (B

Peak SAR {extrapolated) = 33.1 Wikg

SAR(1 @) = 8.07 Wkg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measered) = 19.7 Wiks

Cerificate Mo: DEGHZY2-1055_Aug13 Page G ot 13
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-24.00

-30.00

0dB=19.7 Wikg= 1294 dBW/kg
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CETE:

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Dale; 19.08.2013
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dpale 5SGHz; Type:; DEGHzV2; Serial: DSGIHZV2 - SN: 155

Cormmunication Systemn: UID 0 - CW ; Frequency: 5200 MILz, Frequency: 5500 MHz, Frequency: 5800
MH:

Medium parameters used: £= 5200 MHz; 6 = 5.43 S/m; &, = 48.5; p = 1000 kg/m” . Medium paramelors
used: {= 35500 MF2; 5 = 5.83 S/m: £, = 4%, p= {000 kg/m” . Medium parameters used: = 5800 MHz; o =
6.25 S/m; £, =47.5; p = [OU0 keym®

Phamom section: Flat Section

Measurement Standacd: DASYS (IREEMEC/ANSI C63.19-3007)

DASYS2 Configuration:

+  Prohe: EX3DVY - SN3303; ComvF(4.91, 4.91, 4.91%; Calibrated: 28.12.2012, ConvF{d.43, 4,43,
4.43); Calibrated: 28.12.2012, ConvF(4.38, 4,38, 4.38); Calibrated; 28122012

= Sensor-Surface: L4mm (Mechantcal Swrface Delection)

o Electronics: DAES Sn00); Calibrawed; 25.04 2013

+  Phantom: Flat Phantomn 5.0 (hack), Type: QDOOOPS0A A, Scrial; 1002
s DASYS2 32871137 SEMCAD X 146,107 1643

Dipole Calibration for Body Tissue/Pin=1060mW, dist=10mmn, f=5200 MHz/Zoom Scan,
dist=L.4mm ($x8x7)/Cube 0: Mcusurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reterence Value = 58,885 v/m, Power Drift = -0.01 dB

Peak SAR {(extrapolated) = 28.9 Wikg

SAR(E g} = 7.43 Wikg; SAR(10 g) = 2.08 Wikg

Magimum value of SAR (measured) = 17.2 W/kg

Dipote Calibration for Body Tissue/Pin=100mW, dist=10m, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurcment grid: dx=4mm, dy=4im, ds=1.4mm

Referenee Value = 58,418 Vin, Power Drift = -0.01 B

Peuk SAR (extrapolated) = 33,1 Wika

SAR{1 g) = 7.8 W/kg; SAR(10 g) = 2.17 Wikg

Maximum valus of SAR (measured) = 18,7 Wrke

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)Cube (¥ Mcasurement grid: ds=4mm, dy=4mm, ¢z=1.4mm

Reference Value = 54.883 ¥Vim; Power Drift = -0.01 dB

Peak SAR (extrapolaicd) = 33.7 W/kg

SAR( g) = 7.34 Wilkg; SAR10 g) = 2.03 Wiky

Maximum value of SAR (measured) = 17.9 Wikyg

Cenificate Noo DSGHZVEZ-1085_Aug13 Page 11 of 13
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-18.00

24,00

-Ju.ug

0dB =179 W/kg = 12.53 dBW/kg
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Impedance Measurement Plot for Body TSL
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6 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of LA,

Y S Schweizerischer Kalibrisrdionst
o S
Schmid & Partner iﬁg—ﬁ'@ Service suisse d'oralonnage
Engineering AG T Sarvizio svizero di taratura
Zeughausstrassa 43, 8004 Zurich, Switzerland AN Swiss Calibration Service
LT
ACcreditad by e Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Aceraditation Service is one of the signatorios to the EA
Multilateral Agresinunt for the recognitian of ¢alibration certiticates

ciient — Cetecom Cortificate No- DAE3-477_ May13

|CALIBRATION CERTIFICATE

Ubject DAES - 5D 000 DO3 AA - SN: 477

Calibration procedura(s) QA CAl -06 v26
Calibration procedure for lhe dalz acquisition electronlcs (DAE)

Calibration dale. May 13, 2013

This calibration ceriificate documents the traceability 1o national standasds. which realize the physical imits nf measurements (S1)
The measuremants and the urcortaintics with canfidence probability are given on the folloving pages and are part of the cerlificale,

All-calibrations have boen conduoted in the dlosed laboratary faclity: environment temperatura {22 £ 3)°C and Ianidity < 70%.

Calibration Equipment usad (MATE critical for calibration)

Primary Standards [3] Cal Date (Certificate Ma.) Scheduled Calibration |
Rethiey Mustimatar Type 2001 SN: DBID2TH 02-Dct-12 [Ma:12728) Oct-13

Becandary Slandards E o # Chiwck Dale (in house) Schadulad Chack
| Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-13 (In house check) In house check: Jan-14
Calibrator Box W21 EE UME 008 AN 1002 07-Jan-13 (in house check) In house check: Jan-14

Narnie Functan Signaiure
Calibrated by: Etic Hairfeld Tachnician e I i
Approvod by Fin Bomhalt Doputy Technical Manager 3 !'ﬁ T -
VAL A
Issued: May 14, 2013
This calibration cerlificate shall not be raprnduced fxeespt in fidll withaul weiten approval of he Iahoratory.

Cerificate No: DAF3-477_May13 Page 1 of 5
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7 Certificate of “SAM Twin Phantom V4.0/\V4.0C"

Schmid & Partner
Engineering AG

Zeughsusitrasse 43, BO04 Zurich, Switrerland, Phone +41 1 245 §7 00, Fax +41 1 245 97 ¢

Certificate of conformity / First Article Inspection

ltam SAM Twin Phantom V4.0

Type No Q0 000 P40 BA

Serigs Mo TP-1002 and higher

Manufacturer f Origin Untersee Composites
Hauptstr. 69
CH-85539 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation {o test of first articles.

Comgplate tests were made an the pre-seres Type No. GD 000 P43 AA, Serial No. TP-1001 and on the
series first article Type Mo. QD 000 P40 BA, Senal No. TP-1006. Certain paramelers have been retesled
using further series units {called samples].

Tast Requirement Details Units tested

Shape Compliance wilh the geomelry IT'IS CAD Fils () First articls,
gccording ta Lhe CAD modal. Samples

Material thickness | Compliant with the reguiremeants 2mm +-0.2mm in First article,
according to the standards specific areas Samples

Material Dislgctric parameters for required 200 MHz - 3 GHz Material

parameters fraquencies Relative permittivity < & | sample

Logs tangent < 0.05. TF 104-5

Malerial resistivily | The material has been tested 10 be Liguid type HEL 1800 Fre-series,
compatible with the llquids defined in | and others according to | First arlicle
the slandards the standard.

Standards

[1] TENELEC EN 503561

[2] |EEE P1528-200x draft 6.5

(3] IECPT 62209 draft 0.9

(1 The ITYS CAD file is derived from [2] and is alsa wilhin the tolerances requirements of tha shapes of
[t]and [3]

Conformity

Based on lhe sample tests above, we certify that this item is in compliance with the uncertainty
requirements of SAR measurements specified in standard 1] and draft standards [2] and [3).

Date 18.11.2001

- v g L
i s/ﬁéu\:’//_ﬁg Schmid & Partner H’:%_):; Jﬂ"‘/"’/A
ignature { Stamp Engineering AG

Taughauistisise 43, CH-2004 Zurlch
Tal. +41 % 245 97 00, Fax 447 1 243 97 7%

Doc Mo 881-QD 0 PAOEA-B Fage 1)
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8  Application Note System Performance Check

8.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY4 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

8.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment‘-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

+ The ,reference” and ,drift measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

+ The ,surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within £ 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

* The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

+ The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

8.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY4 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

» Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% o0
Axial isotropy 14.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% o0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 [0.7 [+0.0% +3.9% o0
Boundary effects £1.0% Rectangular [V3 |1 1 1 0.6% 1 0.6% ©
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% o0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1 0.0% ©
Integration time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1 0.0% ©
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% %0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 +0.2% +0.2% o0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 [0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% o0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY4 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 ©
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 %0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 |0 0 o0
Boundary effects £1.0% Rectangular [V3 |1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 5
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics £1.0% Normal 1 1 1 0 0 ©
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 o0
Integration time +0.0% Rectangular [V3 |1 1 0 0 5
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 o0
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% o0
Liquid permittivity (target) |+ 5.0% Rectangular [V3 |06 [0.49 [£1.7% +1.4% o0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% o0
Combined Uncertainty £ 5.3% £4.9%
Expanded Std. 1 10.6% £9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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8.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dit.
. idB v
Signal Low cable
Generator ’ Pass 1 : i ®
At
An2? L
® —==—() ()
Artl

&) —==
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

» The directional coupler (recommended ® 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

» The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

+ The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.

+ Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.
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* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and
calibrate the attenuator with the coupler.

» Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

8.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

8.6 Additional system checks

While the validation gives a good check of the DASY4 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY software allow additional
tests of the performance of the DASY system and components. These tests can be useful to localize
component failures:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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